Abstract. In the study the spectra of fluorescence excitation and autofluorescence of histological sections with different pathological processes in breast were measured. Additionally, element composition of the tissues was investigated by scanning electron microscopy. It has been shown that spectra of fluorescence excitation of benign breast diseases (fibroadenoma and fibrocystic breast disease) have low maximum at 232 nm and high maximum at 260 nm. Also, fluorescence spectra of histological samples change during tumor growth and have two maxima (335 and 420 nm). The registered spectra are result of emission of such fluorophores as fatty acids, tryptophan, NADH, vitamin B6, collagen and bilirubin. The obtained spectral data correlate well with data of element analysis. Selenium status of the tissues was investigated by scanning electronic microscope. High concentration if selenium was detected only in fibroadenoma. In breast cancer samples and fibrocystic breast disease low selenium content was detected. It may confirm higher risk for malignant transformation of fibrocystic breast disease than fibroadenoma. Our results may be helpful for cancer diagnostics and for prognosis prediction.
Introduction
Mortality and morbidity of breast cancer (BC) increase annually all over the World [1] . Survival of the patients is strongly associated with timely and high-quality diagnostics, the main goal of which is to detect tumor at early stage or to prevent malignant transformation of precancerous lesions [2] . Biopsy is considered to be mandatory procedure for verification of all pathological processes in breast, suspicious for cancer. Unfortunately, not all cases may be verified easily and unambiguously, especially if it is very small specimen of tissue, obtained through fine-needle or core biopsy [3, 4] . For histological sections of such difficult cases spectral techniques may become a new additional tool for investigation due to their high sensitivity.
Benign and malignant pathological processes in any organ differ not only by their histological structure, but also by different biochemical composition due to activation of catabolism and proliferative activity of the cells [5] . For example, due to tumor growth NADH concentration always increases [6] , peptide and oxygen concentration decreases [7] . Also it is known that selenium level is low in malignant tumors [8] and this microelement has protective effect against cancer.
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Biochemical proximity of benign pathological process in breast to biochemical composition of malignant tumor may explain its role in cancerogenesis or in some way may be helpful for patient prognosis prediction.
The aim of this study is to investigate spectral characteristics of benign breast disease (BBD) and breast cancer (BC) at different stages for improvement of the optical techniques of biomedical diagnostics.
Materials and methods of the research

Object of research
The objects of the investigation were tissue specimens from 86 women with different pathological processes in breast (average age 40 ± 5 years), treated in Smolensk Regional Oncological Dispensary during 2016. In the group of BBD cases of fibroadenoma (FA) and fibrocystic breast disease (FCBD) were included as diseases with minimal potential for malignant transformation [9] . The volume of operation was defined according to diagnosis, detected previously by core biopsy. Before operation all the patients singed an informed consent. The investigation was carried out with the agreement of ethical committee of Smolensk State Medical University. All the samples, obtained from surgically removed material, were treated with traditional histological paraffin-embedded technique. Tissue samples were put in 10% formalin for 24 hours at room temperature. Next, process for paraffin embedding schedule as following and performed in appropriate embedding cassettes: 70% Ethanol, two changes, 1 hour each; 80% Ethanol, one change, 1 hour; 95% Ethanol, one change, 1 hour; 100% Ethanol, three changes, 1.5 hour each; Xylene or xylene substitute (i.e. Clear Rite 3), three changes, 1.5 hour each; Paraffin wax (58-60 ºC), two changes, 2 hours each; embedding tissues into paraffin blocks. Two parallel sections 7 µm in thickness were done, one of them was stained with hematoxylin and eosin and was investigated by pathologist for the diagnosis verification. Subdivision of the samples according to their diagnosis is shown in Table 1 . The group of material from the patients with IV stage were absent in the investigation, because on this stage radical operation is not performed.
Fluorimetry
All histological sections without hematoxylin and eosin staining were placed on quartz glass and proceed by hexane for dewaxing. The unstained samples were used for experiment purity. Spectra of fluorescence excitation were measured on spectrofluorimeter SOLAR CM-2203 (Belarus) with additional equipment for measuring solid samples. Wavelength of registration was 410 nm after its excitation in UV region. Additionally, fluorescence spectra were measured. Wavelength of excitation was 300 nm. The diameter of sample excitation was 1 cm that is more then diameter of histological section. For the reason the obtained signal is total signal from all surface of sample.
Scanning electronic microscopy (SEM)
The microstructure of all dewaxed in hexane specimens was examined by scanning electronic microscope JEOL-6000 (Japan). The distribution of microelements (nitrogen, oxygen, carbon, selenium, sulfur) and their quantitative analysis were carried out under high vacuum with voltage 10 kV. We note, that we didn't measure absolute concentrations of chemical compounds, as all the samples have been possessed by paraffin-embedded technique and dewaxing, but compare samples from different pathologies of breast, that were prepared in the same way.
Statistical analysis
For statistical analysis (to compare elements concentration in the groups) non-parametrical criterion -Kruskal-Wallis test (H) -was used to compare multiple independent groups. The data were considered statistically significant when p < 0.05.
The results and their discussions
It is well known that tumors are characterized by different types of atypism, one of them is biochemical, that can be detected on spectra of fluorescence excitation from histological sections (Fig. 1) . The spectra have several maxima at 233÷236, 259÷268, 290÷335 nm. But all cases of BBD are characterized by three maxima when BC samples have four peaks. For their analysis the spectra were splitted by Gauss-Lorentz curves method on spectral components (Figs. 1b-1f) . For every spectrum the square under the curve was calculated (Table 2 ). For better visualization the spectra were normalized on the maximum 330 nm. For this reason, squares of spectra components were analogically normalized on the square of curve with maximum 330 nm.
Cases breast tissue is not damaged remarkably due to changed microenvironment [10] . Further progression of cancer (II and III stages) leads to decreasing absorption of fatty acids, because adipose tissue is replaced by fibrous tissue due to desmoplasia [11] and increased catabolism (the square of the maximum at III stage is 10 times higher than the same parameter for BBD). According to the element analysis (Table 3) , the carbon concentration, that characterizes quantity of organic compounds, is higher in groups of BC in spite of fatty acids concentration decrease. It may be due to higher concentration of carbohydrates (but not proteins) because concentration of nitrogen and sulphur, related to amino acids concentration, in all groups of BC is remarkably lower than in BBD. It is known, that higher concentration of glucose increases invasiveness of cancerous cells, that is the reason for cancer progression to more advanced stage [12] . The second maximum of these spectra is nearly at 260 nm, but it is higher for BBD, especially for FA. The peak is characterized by presence of tryptophancontaining peptides [13] . BC on the 1 st stage is remarkably smaller square under the curve with maximum nearly at 260 nm. Due to progression from stage I to stage III the peak increases by 30%, but it is twice smaller, than in the group of BBD.
Cases with 2 nd and 3 rd stage of BC have additional peculiarity on their spectra -maximum at 290 nm. The peak is result of bilirubin presence [14] -the product of hemoglobin breakdown. Deposition of it in tissue of BC on later stages may be associated with hemolysis of erythrocytes due to changes in their membrane and J of Biomedical Photonics & Eng 3 (4) 31 Dec 2017 © JBPE 040306-6 [15] . Also it may be explained by death of endothelial cells through apoptosis for facilitation of metastasis with loss of vascular wall integrity and consequent hemolysis [16] .
The fourth maximum of the spectra of fluorescence excitation (at 335 nm) reflects absorption of collagen in breast tissue [17] .
Fluorescence spectra of histological samples are also different for benign and malignant breast diseases and changes during tumor growth. They have two maxima (335 and 420 nm) and depicted on Fig. 2f . Fluorescence at 420 nm could be defined by two fluorophores such as NADH and vitamin B6 [18] . Since fluorescence and absorption spectra of biological compounds are wide, we can partially see fluorescence of collagen excited to it's absorption border. For FA and FCBD fluorescence of collagen may be remarkable due to its high concentration is stroma with lack of epithelial cells. In BC ratio between parenchyma and stroma changes due to increase of epithelial cells amount (Fig. 2 a- (Fig. 2e) . Concentration of collagen decreases under the influence of collagenases during tumor invasion and metastasing [19] , and vitamin B6 gradually disappears from the tumorous tissue [20] . For this reason, the square of maximum at 420 nm gradually decreases for 3 rd BC stage. The low level of vitamin B6 in blood was detected in many investigations for patients with advanced BC [20, 21] . Peak at 335 nm is defined by tryptophan and tyrosine-containing peptides [18] . Element analysis detected lower oxygen concentration in BC tissue on the 1 st stage, comparing with BBD (Table 3) , with abrupt decrease of its concentration during cancer progression. This is the result of increasing hypoxia influence due to dysbalance between malignant cells proliferation and neoangiogenesis [7] .
Previous investigations have shown protective effect of selenium against malignancies [22, 23] . The fact is also confirmed by our data ( Table 3 ). The highest selenium concentration was detected in FA only, when selenium concentration in FCBD and BC was beyond the limit of the experimental device sensitivity. This fact may demonstrate higher potential for malignant transformation of FCBD, than FA.
Conclusion
In the article we demonstrated the theoretical substantiation for further improvement of optical techniques of breast cancer diagnostics based on biochemical atypism. These data may be useful in differential diagnostics of different breast pathologies or even become a screening instead of histological examination as cheaper and quicker method.
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